Introduction
Immediate DNA extraction from fresh feces or immediate freezing at −80°C is the gold standard procedure in microbiome studies, but this can be challenging (1) (2) (3) (4) . To date, several preservatives have been reported (5) (6) (7) (8) , but most preservatives do not distinguish between DNA obtained from live or dead cells, and the bacteria are unculturable. Cary-Blair medium consisting predominantly of buffered salts with no nutrients (9) , which suppresses bacterial overgrowth, potentially allows for long-term survival of enteric pathogens (9) and can be used for the isolation of
Summary
How long fecal samples can withstand a period of refrigeration or room temperature, and the appropriate preservative, are largely unknown. Cary-Blair transport medium has been used for many years because it is inexpensive and prevents bacterial overgrowth. However, its effectiveness for metagenomic analyses has never been tested. We found that the microbial compositions using a 16S rRNA sequence of samples left at 4°C for 3 or 7 days or at 25°C for 1, 3, or 7 days differed significantly from samples stored at −80°C in no-preservative method. Whereas samples stored in Cary-Blair medium remained unchanged for longer periods. The relative abundances of phylum Bacteroidetes and Actinobacteria, changed significantly at 25°C, whereas Cary-Blair medium inhibited the reduction in Bacteroidetes and the increase in Actinobacteria. The bacterial survival counts were significantly lower in the RNAlater samples than in the Cary-Blair samples under aerobic and anaerobic culture conditions. In conclusion, storage time and storage temperature significantly affect the gut microbial composition in fecal samples. Given the low cost, inhibitory effect on bacterial changes, and potential utility in bacterial isolation, Cary-Blair medium containers are suitable for large-scale or hospital-based microbiome studies, especially if direct freezing at −80°C is unavailable. organisms. However, the effectiveness of this medium for 16S rRNA sequencing analyses of human fecal samples has never been tested. Therefore, we examined the stability of the gut microbiota in Cary-Blair medium.
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Materials and Methods
Human fecal sample collection and storage methods
Various storage methods were tested using 231 fecal samples from 11 healthy adults: (i) immediate DNA extraction from fresh samples (fresh); (ii) immediate freezing at −80°C; and (iii) preservation under different conditions: 4°C or 25°C for 1, 3, or 7 days ( Figure 1 ). Microbial composition was compared between the no preservative method and Cary-Blair medium-containing method (Toyobo Co., Ltd., Tokyo, Japan) (9) . Written consent was obtained from all the participants. The study was approved by the Ethics Committee of the National Center for Global Health and Medicine (No. 2014).
Bacterial DNA extraction and sequencing 16S ribosomal RNA gene amplicons
To extract the fecal bacterial DNA, we used an enzymatic lysis method with lysozyme (Sigma-Aldrich Co., St. Louis, MO, USA) and achromopeptidase (Wako Pure Chemical Industries, Ltd., Osaka, Japan) (10) . The 16S amplicon PCR forward primer (5′-TCGTCGGCA GCGTCAGATGTGTATAAGAGACAGCCTACGG GNGGCWGCAG-3′) and 16S amplicon PCR reverse primer (5′-GTCTCGTGGGCTCGGAGATGTGTATA AGAGACAGGACTACHVGGGTATCTAATCC-3′), with adaptor sequences for Illumina indexing, were used to amplify the bacterial 16S rRNA gene V3-V4 regions. PCRs were run for 25 cycles, using the KAPA HiFi HotStart ReadyMix PCR Kit (Nippon Genetics Co., Ltd., Tokyo, Japan). The PCR amplicons were purified with AMPure ® XP magnetic purification beads (Beckman Coulter, Inc., Brea, CA, USA) and quantified with 4200 TapeStation (Agilent Technologies Japan, Ltd). Equal amounts of amplicons from all the samples were sequenced with the MiSeq System (Illumina, Inc., Tokyo Japan), according to the manufacturer's instructions (10).
Bioinformatic and statistical analyses
After the quality of the filter-passed reads with average quality values of > 25 was checked for chimeras, the taxonomy of the high-quality reads was assigned with three publically databases: the Ribosomal Database Project (RDP) v. 10 .27, CORE (http://microbiome. osu.edu/), and a reference genome sequence database obtained from the National Center for Biotechnology Information FTP site (ftp://ftp.ncbi.nih.gov/genbank/, December 2011). We then selected those reads with BLAST matches of > 90% with a representative sequence in one of the three databases. A total of 1,992,156 high-quality reads were obtained after quality filtering. We randomly selected 3,000 reads per sample and analyzed them to minimize the overestimation of the species richness in the clustering due to intrinsic sequencing error (4,10). Good's coverage index (11) of the 3,000 reads per sample in this study was 0.96, indicating high coverage, and the number of reads is sufficient for microbiome analysis. After both primer sequences were removed, the reads were sorted and grouped into operational taxonomic units (OTUs) with a sequence identity threshold of 97%. The taxonomic assignment of each OTU was made with the GLSEARCH program. Taxonomic groups with relative abundances of ≥ 0.1% in any subject were included in the subsequent analyses. All reads were deposited in the DDBJ/GenBank/EMBL database under accession number DRA 006625. Pairwise Pearson's correlation coefficients were used to analyze the microbial compositions under different storage conditions. For the UniFrac distance analyses, phylogenic-treebased metrics were used to measure the differences in the overall bacterial compositions under different storage conditions (12) . We defined the "reference" as the distance or coefficient between the fresh sample and those stored at −80°C. Values of p < 0.05 were considered statistically significant. All statistical analyses were performed with the R software package (v3.2.2).
Results
At 4°C, weighted UniFrac distance of samples stored without preservative at 3 and 7 days was significantly larger than the reference (Figure 2A) ; at 25°C, the distance was significantly greater for samples at 1, 3, and 7 days ( Figure 2B ). In contrast, the distance for samples stored in Cary-Blair medium remained unchanged for up to 7 days at 4°C (Figure 2A ) and for 24 h at 25°C ( Figure  2B ). Similar results were obtained at the genus level that survival counts were significantly higher in Cary-Blair samples than in the RNAlater samples, and were not significantly different from the samples without preservative under aerobic and anaerobic culture conditions ( Figure 6 ).
Discussion
This is the first study to show that the effect of Cary-Blair medium on the stability of the gut microbiomes to be used for 16S rRNA analyses. Cary-Blair medium is a nonnutritive transport medium for Gramnegative and anaerobic organisms in stool samples (9) , and importantly, prevents the overgrowth of ( Figure 3 ) and species level (Figure 4) . Relative abundance at the phylum level was significantly reduced for Firmicutes but significantly increased for Actinobacteria without preservative at 4°C at 3 and 7 days compared with the reference ( Figure  5A ); at 25°C, relative abundance continued to decrease for Firmicutes and Bacteroidetes from 1 day and was significantly increased for Actinobacteria at 3 and 7 days and for Proteobacteria at 1, 3, and 7 days ( Figure 5B ). In contrast, Cary-Blair medium inhibited the reduction in Bacteroidetes at 25°C and the increase in Actinobacteria at 3 days at 4°C and 25°C ( Figure 5 ).
Lastly, we analyzed 9 fecal samples from 3 healthy subjects to investigate bacterial survival. We found Enterobacteriaceae and allows the long-term survival of enteric pathogens (13, 14) . In this study, Cary-Blair medium inhibited the reduction of Bacteroidetes in samples left for up to 7 days at 25°C, and the increase in Actinobacteria in samples left for 3 or 7 days at 25°C, whereas the no-medium method did not. Consistent with these findings, Gorzelak et al. have shown that the detection of Bacteroidetes in no-medium fecal samples decreased after 30 min at room temperature. Therefore, one explanation of the stability of the gut microbiome in Cary-Blair medium is that it allows some bacteria to withstand longer periods at room temperature.
Another advantage of Cary-Blair medium use is that it can potentially be used for the isolation of organisms associated with specific diseases (15) , whereas most preservatives do not distinguish between the DNA obtained from live or dead cells (5) (6) (7) (8) . To confirm this hypothesis, we examined the bacterial survival counts in no preservative, Cary-Blair medium, or RNAlater in the fresh and −80°C samples. We found that the survival counts were significantly lower in the RNAlater samples than in the Cary-Blair samples. In addition to this advantage, Cary-Blair medium is the least expensive of the preservatives used in microbiome studies, at less than US$0.50 dollar per container.
Our results are consistent with those of previous studies, which showed no significant change in the microbial composition of frozen fecal samples and samples stored at 4°C for up to 24 h (3, (16) (17) (18) . Few data are available regarding the effects on the gut microbiota when samples are stored at 4°C for more than 3 days. As in the present study, Choo et al. reported that stool storage at 4°C for 3 days significantly affected the composition of the gut microbiome compared with storage at −80°C (5) . These results suggest that the composition of the microbiome is associated with the length of storage, even when refrigerated, and that samples should be stored at 4°C for only 3 days after defecation.
In contrast, the microbial compositions of samples left for 1, 3, or 7 days at 25°C changed substantially compared with the reference. Consistent with this, Shaw et al. showed that storage for 12 h at room temperature significantly increased the weighted UniFrac distances relative to −80°C storage (19) . Two other studies have also demonstrated a significant change in microbial composition within 3 h at room temperature (20, 21) . These findings imply that fecal samples should not be left at room temperature after defecation.
In conclusion, fecal samples without preservative should be transferred to the laboratory within 24 h of defecation when stored at room temperature or within 3 days when stored refrigerated. Given the inhibitory effect on bacterial changes, potential utility in bacterial isolation, and low cost, Cary-Blair medium containers are useful for microbiome studies, especially when direct freezing at −80°C is unavailable.
